Abstract: There are two general approaches for reducing the negative impacts of mountain pine beetle, Dendroctonus ponderosae Hopkins, on forests. Direct control involves short-term tactics designed to address current infestations by manipulating mountain pine beetle populations, and includes the use of fire, insecticides, semiochemicals, sanitation harvests, or a combination of these treatments. Indirect control is preventive, and designed to reduce the probability and severity of future infestations within treated areas by manipulating stand, forest and/or landscape conditions by reducing the number of susceptible host trees through thinning, prescribed burning, and/or alterations of age classes and species composition. We emphasize that -outbreak suppression‖ is not the intent or objective of management strategies implemented for mountain pine beetle in the western United States, and that the use of clear, descriptive language is important when assessing the merits of various treatment strategies.
Keywords: Dendroctonus ponderosae; direct control; indirect control; Pinus contorta; Pinus ponderosa; sanitation; thinning In a recent review, Six et al. [1] question whether relevant science supports current United States policy concerning suppression of mountain pine beetle, Dendroctonus ponderosae Hopkins, outbreaks. Their paper addresses an important and timely issue as outbreaks have been severe, long lasting, and well documented, with >27 million hectares impacted in recent years [2, 3] . While we do not wish to address policy implications (i.e., our expertise focuses on the ecology and management of bark beetles in western North America), in our opinion several issues merit clarification, four of which we discuss below. Most importantly, we emphasize that -outbreak suppression‖ is not the intent or objective of management strategies implemented for mountain pine beetle in the western United States [4] as suggested by the title, throughout the paper, and contrary to any assertions that may exist in the scientific literature.
Recently, we reviewed tree, stand, and landscape factors associated with mountain pine beetle infestations, and discussed the effectiveness of treatments for preventing and mitigating undesirable levels of tree mortality attributed to mountain pine beetle [5] . We defined -direct control‖ as short-term tactics designed to address current infestations by manipulating beetle populations, which includes the use of fire, insecticides, semiochemicals, sanitation harvests, or a combination of these treatments. -Indirect control‖ was defined as preventive, and designed to reduce the probability and severity of future infestations within treated areas by manipulating stand, forest and/or landscape conditions by reducing the number of susceptible host trees through thinning, prescribed burning, and/or alterations of age classes and species composition [5] . The focus of indirect control is on the residual structure and composition of forests following treatment, and not on direct impacts to the mountain pine beetle population. Six et al. [1] use similar designations, as have others. We stress direct and indirect control strategies are implemented to reduce levels of tree mortality attributed to mountain pine beetle to acceptable levels within treated sites, and not to suppress outbreaks. At first glance this might appear a matter of semantics, but in fact is an important distinction critical to properly assessing the effectiveness of associated treatments. To that end, the plurality of the literature addresses the use of treatments for -reducing susceptibility‖, -to reduce the probability and severity of future infestations‖, -to alleviate or reduce the amount of bark beetle-caused tree mortality‖, or for -mitigating the impacts of an epidemic‖ [5] [6] [7] [8] [9] . There is a wealth of scientific literature in support of the use of cultural treatments to achieve these objectives (e.g., see 5 and relevant citations therein), specifically when placing the -focus on the precipitating causes of an outbreak‖ [6] .
Second, the authors state -Although much of our review addresses how well science supports US policy, we use primarily studies conducted in Canada as few studies have been published on direct control measures during the current outbreak in the US.‖ [1] . However, since their review focuses on policy implications in the United States, readers may be inclined to assume that the treatment strategies discussed for Canadian forests are similar to those implemented in the western United States. This is often not the case [4] , particularly in reference to the scale and intensity of certain treatments. In particular, large-scale sanitation has not been implemented in the western United States in response to recent mountain pine beetle outbreaks due to a variety of factors ranging from tree mortality not interfering with land management objectives in some areas (e.g., wilderness) to practical limitations concerning the identification, treatment and/or removal of large numbers of infested trees. For example, in Colorado, where a large-scale outbreak of mountain pine beetle has impacted several hosts, management responses have largely focused on protection of individual trees in high-value sites; and removal of hazard trees to protect public safety and critical infrastructure [10] .
Third, mountain pine beetle colonizes several tree species, most notably lodgepole pine, Pinus contorta Dougl. ex Loud., ponderosa pine, P. ponderosa Dougl. ex Laws., sugar pine, P. lambertiana Dougl., limber pine, P. flexilis E. James, western white pine, P. monticola Dougl. ex D. Don, and whitebark pine, P. albicaulis Engelm. Although not indicated, the authors focus on lodgepole pine while other common hosts, specifically ponderosa pine, are largely ignored. Ponderosa pine is an integral component of three cover types and a major component of >65% of all forests in the western United States [11] . The first documented use of direct control in response to mountain pine beetle occurred in ponderosa pine in the Black Hills, United States [12] . Significant research has occurred since concerning the effectiveness of direct and indirect control in this host system [5] , yet is not adequately addressed by Six et al. [1] . For more detailed information on the effectiveness of indirect control in ponderosa pine, we refer the reader to Fettig et al. [5] where we concluded -Thinning reduces levels of ponderosa pine mortality attributed to mountain pine beetle, and where various prescriptions have been evaluated, areas of lowest tree density had less tree mortality often on both a numerical and proportional basis‖ [5] . This relationship is consistent among the wide diversity of stand conditions encountered in forests containing ponderosa pine. Relatedly, it is critical to distinguish among host species (i.e., mountain pine beetle colonizes at least 15 species) when discussing direct and indirect control as mountain pine beetle responses, host responses, and their many interactions differ influencing the use and effectiveness of treatments implemented for various objectives. For example, while the authors discuss -daylighting‖ [1] it is unclear to the reader that these treatments are focused on the restoration of whitebark pine forests [13] .
Finally, we feel it is important to stress that thinning prescriptions vary widely due to various resource objectives which have different effects on residual stand structure and composition, and thus on their effectiveness for reducing future levels of tree mortality attributed to mountain pine beetle. Many thinnings in the western United States are implemented with the primary objective of increasing fire resilience (i.e., reducing fire hazard), which concentrates on reducing surface fuels, increasing the height to live crown, decreasing crown density, and retaining large trees of fire-resilient species [14] . While such treatments may also reduce the susceptibility of forests to bark beetles, including mountain pine beetle, related prescriptions vary from those implemented specifically for bark beetles. Six et al. [1] discuss the senior author's work concerning beetle responses to prescribe fire and thinning in Montana, but fail to indicate these treatments were implemented with the primary objective of reducing fire hazard [15] . In recent years, there have been a number of studies published on the effects of fuel-reduction treatments on levels of tree mortality attributed to several species of bark beetles in the United States [16] , and while useful in discussions concerning the effectiveness of indirect control a distinction should be made from publications specifically evaluating indirect control. In the former case, one might expect to see higher levels of tree mortality attributed to mountain pine beetle as infestation rates are positively correlated with tree diameter [5] , and fuel-reduction treatments usually promote retention of large fire-resilient trees (e.g., large-diameter ponderosa pine) [14] .
Recently, Gillette et al. [17] analyzed the consequences of treatments implemented for management of mountain pine beetle. They concluded -Managing for biologically diverse and resilient forests is our best and only available long-term, sustainable response to the multitude of stressors-insects and disease outbreaks, fires that are unprecedented in severity, and drought-that are likely to increase in frequency as the climate changes. In the case of bark beetles and many other stressors, this calls for greater, science-based use of silvicultural treatments that, paradoxically, require some tree mortality for the greater resilience of the entire forest.‖ [17] . Similar, Six et al. [1] concluded -Our argument here is not to forgo management, but rather that management should be led by science and informed by monitoring.‖ We argue related discussions are best served by use of clear, descriptive language to reduce ambiguity, and potential misinterpretations of science findings.
